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A plasma beam scanning treatment has been developed to modify the surface of the hydrogenated
amorphous carbon a-C:H film on the indium tin oxide glass. The plasma beam scanning treatment
makes the a-C:H film an excellent layer for liquid-crystal alignment. The qualities of a-C:H films
were characterized by using atomic force microscope, micro-Raman spectroscopy, and
field-emission scanning electron microscope. The ultrathin a-C:H films were deposited at 50%
CH4/ H2+CH4 gas ratio, 100 W radio-frequency power, and a gas pressure of 10 mtorr for 15 min
by capacitive-coupled plasma chemical-vapor deposition method. The twist nematic cells were filled
with liquid crystal ZLI-2293 on the a-C:H film treated with different nitrogen plasma beam
scanning time. The grooving mechanism is considered not responsible for the liquid-crystal LC
alignment. Raman spectra suggest that a bond-breaking process of aromatic rings occurs in the a-
C:H film. The O1s, C1s, and N1s core-level spectra support that the nitrogen plasma beam scanning
treatment induces a bond-breaking process of aromatic rings to create available carbon dangling
bonds for the formation of C–O bonds. The newly formed C–O bonds are “directional,” which
favor the LC alignment on the a-C:H film. © 2005 American Institute of Physics.
DOI: 10.1063/1.2115093I. INTRODUCTION
The alignment layer of a liquid-crystal display LCD
has been used to line up liquid-crystal LC molecules along
a certain direction. A mechanical rubbing process on the
alignment layer such as polyimide PI has been widely used
in the LCD industry, which generates parallel grooves of
about micron size by a rubbing roller.1 The grooves are use-
ful for the enhancement of liquid-crystal alignment through
the so-called “grooving” mechanism.2,3 However, rubbed PI
films have some disadvantages such as surface electrostatic
charge, broken debris, and film damages in the application of
active matrix liquid-crystal display AMLCD.4–7 To avoid
these disadvantages, noncontact techniques such as ultravio-
let UV photoalignment and Kaufman ion-beam alignment
were developed. Photoalignment is used to generate surface
anisotropy of LC layers by UV light irradiation, which is
particularly useful for PI films.8–10 Kaufman ion-beam align-
ment is an alternative to replace the traditional rubbing pro-
cess, which is useful for PI films and hydrogenated diamond-
like carbon DLC.11,12 Recently, a plasma beam treatment,
another noncontact technique, has been developed to im-
prove the LC alignment for PI films.10 Unlike Kaufman ion-
beam alignment, plasma beam treatment requires no extra
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ated by an anode layer thruster is used to replace the tradi-
tional rubbing process on PI films.13
Excellent alignment layers for LC alignment generally
require good uniformity, high optical transparency, and
strong adhesion. The PI film coating process, however, re-
quires baking at 200 °C, restricting to certain substrates of
high melting point. The hydrogenated amorphous carbon a-
C:H film is a good alternative as the alignment layer be-
cause a-C:H films exhibit a low deposition temperature
60 °C, less restriction to the selection of substrates.
Moreover, a-C:H films exhibit high mechanical hardness,
chemical inertness, and high optical transmission, which
meet the alignment layer requirements.14
In this article, we present a plasma beam scanning treat-
ment in which a plasma beam scanner is developed to en-
hance the LC alignment for a-C:H films. A nitrogen plasma
beam flux of an elliptical shape is incident onto the a-C:H
film with a tilted angle of 20° during scanning backwards
and forwards. The LC alignment is greatly enhanced for the
plasma-treated a-C:H film.
II. EXPERIMENTAL PROCEDURES
The a-C:H films were deposited on the 30 cm  indium
tin oxide ITO glasses in a capacitive-coupled plasma-
enhanced chemical-vapor deposition CCP-CVD chamber.
In a typical experiment, the CCP-CVD chamber was pumped
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Downldown to a base pressure of 110−4 torr, and a mixture of
50% CH4 and 50% H2 was fed into the chamber to ignite the
CH4/H2 plasma at a radio-frequency rf power of 100 W
and a total pressure of 10 mtorr. Each deposition time was
set at 15 min in order to obtain an a-C:H film of uniform
thickness. The thicknesses of a-C:H films were about 30 nm
measured by using a JEOL-6500F field-emission scanning
electron microscope FESEM. The carbon bonding charac-
teristics of the films were measured by using micro-Raman
operated with a laser of 488 nm wavelength Jobin-Yvon
HR800. The micro-Raman laser beam size was focused to a
diameter of about 1 m and the corresponding signal reso-
lution was 0.4 cm−1.
A nitrogen plasma beam scanning treatment was then
performed on the as-deposited a-C:H films prior to the fab-
rication of a twisted nematic TN LC cell. Figure 1 shows
the schematic of the plasma beam scanning system, in which
a directional nitrogen plasma beam can be scanned back-
wards and forwards at a controllable speed of 2 mm/s. The
nitrogen plasma beam, which was excited with a 500 V dc
power supply at a total pressure of 0.6 mtorr, was incident
onto the as-deposited a-C:H films with a tilted angle of 20°
during scanning. The working distance between the plasma
beam source and the substrate holder was 15 cm. After the
plasma beam treatment, the surface morphologies of the a-
C:H films were characterized by using a DINS3a atomic
force microscope AFM. The chemical bonding characteris-
tics of the a-C:H films were measured by using micro-
Raman and x-ray photoemission spectroscopy XPS, PHI
1600. Symmetric TN cells of 23 cm2 were assembled to
measure pretilt angles by the crystal rotation method
autronic-DMS 101. The symmetric TN cell was con-
structed by putting together two pieces of the plasma-treated
a-C:H/ITO substrate in an antiparallel configuration for LC
filling.13 A TN liquid crystal ZLI-2293, Merck Taiwan Ltd.
was filled into the symmetric TN cell and the cell gap was
kept at about 27 m during filling. The uniformity of the LC
alignment was characterized by polarizing optical micro-
scope POM.
III. RESULT AND DISCUSSION
The a-C:H films without nitrogen plasma beam scan-
FIG. 1. Schematic of the plasma beam scanning system. The incident angle
of the plasma beam is tilted down by 20°.ning exhibit no LC alignment as shown in the POM photo-
oaded 23 Nov 2010 to 140.114.136.28. Redistribution subject to AIP licgraph in Fig. 2a. The LC alignment occurs while the a-
C:H films are treated with nitrogen plasma beam scanning
for 90, 180, 270, 360, or 450 s. All the POM photographs are
almost the same for the treatment longer than 90 s. Figure
2b shows a typical POM photograph of a TN cell with LC
alignment, where the a-C:H films in the TN cell are treated
with nitrogen plasma for 270 s. To know how the plasma
treatment affects LC alignment, a crystal rotation method is
used to measure pretilt angles at different exposure time in
the nitrogen plasma scanning treatment and the result is
shown in Fig. 3.15 Note that no LC alignment occurs for the
as-deposited a-C:H film. The LC alignment appears only
when the a-C:H film is irradiated with plasma beam. The
pretilt angle increases with an exposure time and reaches a
maximum value of about 1.5–2° at an exposure time longer
than 180 s.
Two major mechanisms have been proposed to explain
the phenomenon of LC alignment for various techniques in
previous reports. One is grooving mechanism.2,3 Artificial
parallel grooves, generated by traditional mechanical rubbing
FIG. 2. POM photographs of LC TN cell with crossed polarizer. a As-
deposited a-C:H films and b a-C:H films treated with N2 plasma beam
scanning for 270 s.
FIG. 3. LC pretilt angles for the a-C:H films treated with different exposure
time in the nitrogen plasma scanning process.
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Downlon PI films, allow LC molecules to align. Recently, nanorub-
bing by using an AFM tip verifies directional grooves re-
sponsible for the alignment of LC molecules.16,17 The other
is surface chemical bonding mechanism.18 Stohr et al. re-
ported that surface chemical bonds modified by ion-beam
irradiation were responsible for the alignment of LC
molecules.18 When ion-beam incident direction is perpen-
dicular to  bonds on the a-C:H film, directional  bonds
are left over parallel to ion-beam incident direction observed
by near-edge x-ray-absorption fine structure.
To investigate the possible mechanism for the LC align-
ment, AFM is applied to measure the grooves potentially
existed on the a-C:H films treated with nitrogen plasma
beam scanning. Figures 4a and 4b, respectively, show the
surface morphologies of the a-C:H films. Surface roughness
lightly varies in the range of 0.3–0.5 nm for all the a-C:H
films. No apparent surface grooves were observed for the
plasma-beam-treated a-C:H films. Note that all the a-C:H
films with plasma treatments exhibit LC alignment, con-
firmed by POM. Grooving mechanism is thus not a major
factor in the LC alignment on the a-C:H films. Very prob-
ably, similar to ion beam, plasma beam modifies surface
chemical bonds on the a-C:H films that favor the LC
alignment.
The information of surface chemical bonds on a-C:H
films can be extracted partially by means of Raman and XPS
analysis. Figure 5 shows the micro-Raman spectra of a-C:H
films without and with nitrogen plasma beam treatment. No
sp3 characteristic peak at 1331 cm−1 was found in all the
Raman spectra. Generally, the Raman spectra of a-C:H thin
films have two peaks, D band centered at 1350 cm−1 and
G band centered at 1580 cm−1. D band arises from dis-
order graphite due to A1g vibration mode and G band from
graphite due to E2g vibration mode.19–22 All of CvC chains
or aromatic rings may contribute G mode intensity due to
stretching vibration of sp2 sites and only in rings could in-
2
FIG. 4. AFM images of a-C:H films. a As deposited and b N2 plasma
beam scanning treatment for 450 s.crease D mode intensity due to breathing mode of those sp
oaded 23 Nov 2010 to 140.114.136.28. Redistribution subject to AIP licsites.20–23 Moreover, Schwan et al.23 has shown another char-
acteristic peak at 1490 cm−1 due to semicircle ring stretch
vibration of C–H in a-C:H. All the Raman spectra in Fig. 5
are thus curve fitted by the three peaks to extract the varia-
tion of chemical bonds after the plasma beam treatment. The
ID / IG ratios of a-C:H films are characterized to be 0.25,
0.25, 0.15, and 0.2, respectively, for the exposure times of 0,
90, 270, and 450 s. The slight decrease of ID / IG ratio
indicates the existence of a breaking process of aromatic
rings on the surface due to the plasma beam treatment. Note
that all the plasma-treated a-C:H films exhibit very good LC
alignment. Very probably, the breaking process of aromatic
rings creates available carbon dangling bonds for the forma-
tion of surface chemical bonds that favors the LC alignment.
The chemical bonds on the as-deposited a-C:H film can
be extracted from XPS spectra in Fig. 6. Figures 6a–6c,
respectively, show O1s, C1s, and N1s core-level spectra ex-
cited by Al K 1486.6 eV for the as-deposited a-C:H films
with different Ar sputtering time. The O1s signal decreases
rapidly with Ar sputtering time as shown in Fig. 6a, indi-
cating that the surface of the as-deposited a-C:H film is
oxidized. The O1s peak gradually shifts from 534 to 531 eV
after Ar sputtering, which is attributed to the charging effect
on the oxidized surface based on three facts. First, the as-
deposited a-C:H film is nonconducting. Second, the ab-
sorbed nitrogen atom in the a-C:H film also exhibits an en-
ergy shift of 3 eV in the N1s spectra in Fig. 6c. Third, C1s
also exhibits an energy shift of 3 eV after removing the up-
permost oxide layer by Ar sputtering.
The types of carbon bonds on the oxidized surface can
be extracted from the C1s spectra in Fig. 6b, which is im-
portant because liquid-crystal molecules interact directly
with these chemical bonds during LC alignment. Look at the
C1s spectra with Ar sputtering treatment. A shoulder appears
at 285 eV that is assigned as the C–O bond because its
intensity gradually reduces with Ar sputtering time, similar
FIG. 5. Raman spectra of a-C:H films with N2 plasma beam scanning
treatment. a 0 s, b 90 s, c 270 s, and d 450 s. The Raman spectra are
deconvoluted into three components: D band centered at 1350 cm−1,
semicircle ring stretch vibration at 1490 cm−1, and G band centered at
1580 cm−1.to the O1s spectra in Fig. 6a. The Raman spectra in Fig. 5
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Downlstrongly support that the dominant carbon bonding is sp2
C–C bonds in the as-deposited a-C:H film. The C1s peak at
283 eV is thus assigned as the hydrogenated sp2 C–C
bond. Note that the energy position of C1s is 284.5 eV for
sp2 C–C bonds.24–26 The small energy shift of 1.5 eV is
attributed to the effect of hydrogenation on the sp2 C–C
bonds inside the a-C:H film.
No LC alignment occurs when liquid crystal ZLI2293
is filled into the TN cell made of the as-deposited a-C:H
films. The C–C and C–O surface chemical bonds on the
as-deposited a-C:H film do not favor LC alignment. LC
FIG. 6. Core-level spectra for the as-deposited a-C:H films with different
Ar sputtering time. a O1s, b C1s, and c N1s. Each curve is labeled by the
sputtering time.alignment begins to appear after the nitrogen plasma scan-
oaded 23 Nov 2010 to 140.114.136.28. Redistribution subject to AIP licning treatment, suggesting that activated chemical bonds are
formed on the surface due to plasma beam scanning. The
“activated” chemical bonds can be extracted from the O1s
and C1s spectra for the a-C:H film with different exposure
time in the plasma beam scanning treatment shown in Fig. 7.
The O1s signal in Fig. 7a is greatly enhanced with exposure
time and the O1s peak at 534 eV shifts to the left by 1 eV
after 450 s. Raman spectra in Fig. 5 support that a breaking
process of aromatic rings induces available carbon dangling
bonds during plasma beam scanning. The increase of O1s is
attributed to the occurrence of a reoxidation process while
the a-C:H film is exposed in air after plasma beam scanning.
The reoxidation process makes the charging effect stronger,
which move the O1s peak from 534 to 535 eV. The newly
formed carbon-oxygen bond can be extracted from the de-
convoluted C1s spectra shown in Fig. 7b and is assigned to
be the C–O bond because its energy position coincide with
the original C–O bonds.
The newly formed C–O bonds on the a-C:H film are
responsible for the LC alignment since LC alignment occurs
only after plasma beam scanning. As mentioned earlier in
Fig. 3, pretilt angle increases with exposure time in the
plasma beam treatment. The increase of pretilt angle has
been attributed to the increase of the dipole moment of
27
FIG. 7. Core-level spectra of a-C:H films with and without the N2 plasma
beam scanning treatment. a O1s and b C1s. Each curve is labeled by the
treatment time. The C1s spectra treated with N2 plasma beam scanning are
deconvoluted into the C–C and C–O components.chemical bonds on the surface by Sakuhara et al. The di-
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crease with the amount of the newly formed C–O bonds.
Note that the interaction between liquid-crystal molecules
and C–O bonds does not necessarily favor LC alignment
since C–O bonds are originally on the as-deposited a-C:H
film. In our opinion, plasma beam, moving backwards and
forwards, is a “directional” scanning process. The formation
of C–O bonds after plasma beam scanning very probably
generates directional C–O bonds on the a-C:H film that
favor LC alignment.
IV. CONCLUSION
A plasma beam scanning treatment has been justified
useful in the enhancement of liquid-crystal alignment on the
a-C:H film deposited on the ITO glass. The grooving
mechanism is not a major factor in determining the LC align-
ment on the a-C:H films. Raman and XPS results support
that the plasma beam scanning treatment induces a bond-
breaking process of aromatic rings to create available carbon
dangling bonds for the formation of C–O bonds. The newly
formed C–O bonds are “directional,” which favor the LC
alignment on the a-C:H film.
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